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Intravenous leiomyoma with intracardiac extension is a rare entity that necessitates surgical excision to alleviate symptoms
and prevent life-threatening complications. These procedures are generally performed under cardiopulmonary bypass,
and review of the literature reveals an evolution in management of this disease from 2-stage to single-stage procedures.
We report the case of a 45-year-old woman with an intravenous leiomyoma with intracardiac extension after presenting
with syncopal symptoms. The intravenous tumor and its supradiaphragmatic extension were ultimately resected via
laparotomy without the need for cardiopulmonary bypass. Distal control was achieved by passing an occluding balloon
catheter above the tumor through a venotomy with fluoroscopic guidance and echocardiography, thus enabling protected
tumor extraction through the intra-abdominal inferior vena cava. In selected patients, we believe use of endovascular
techniques combined with proper preoperative imaging can safely permit single-stage resection of these tumors via
laparotomy without cardiopulmonary bypass. (J Vasc Surg 2004;40:554-8.)Intravenous leiomyoma is a benign vascular tumor of
unclear cause that develops exclusively in women.1 While
some authors have suggested that these tumors arise from
the vein wall, others have postulated that intravenous
leiomyomas are the result of vascular invasion of a uterine
leiomyoma.2,3 Although usually found in the pelvic veins,
these tumors can extend into the inferior vena cava (IVC)
and rarely into the heart, producing cardiac symptoms. This
lesion should be considered in the differential diagnosis in
any patient with a right atrial mass.
CASE REPORT
A 45-year-old woman without previous medical illness had
intermittent vertigo for several weeks, followed by an episode of
syncope. Evaluation included echocardiography, which demon-
strated a mobile right atrial mass thought to be consistent with an
atrial myxoma. The patient underwent median sternotomy and
atriotomy under cardiopulmonary bypass. At operation the mass
was found to be an extension of a tumor emanating from the IVC.
The atrial component and a portion of the lesion within the IVC
were excised, and final histologic analysis of the lesion revealed a
benign leiomyoma. Postoperatively, computed tomography (CT)
and magnetic resonance imaging were performed, and both dem-
onstrated a 9-cm 5-cm uterine mass that extended into the right
iliac veins and IVC to the level of the hepatic veins, but not above
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doi:10.1016/j.jvs.2004.05.024554the dome of the liver or the diaphragm (Fig 1). There was no
evidence of invasion or metastatic disease.
Approximately 8 weeks after the initial cardiac procedure the
patient was brought back to the operating room after referral to the
Vascular Surgery and Gynecology Services. She underwent explo-
ration via midline incision, and a hysterectomy was performed to
remove the uterine source of the leiomyoma. Venography was also
performed via a jugular approach, with the intention of placing a
temporary filter in the IVC above the tumor in preparation for
resection. The venogram unexpectedly demonstrated re-extension
of tumor into the right atrium (Fig 2, A). This surprising finding
was confirmed with a repeat CT scan (Fig 2, B), as well as a
transesophageal echocardiogram, which delineated a freely mobile
tumor extending approximately 2 cm into the right atrium, with-
out evidence of adherence to the atrium or distal vena cava. We
postulated that this may represent either rapid regrowth of tumor
or development of thrombus at the distal margin of the tumor.
Both scenarios certainly warranted achieving distal control above
the lesion before attempting resection. Thus we decided to pro-
ceed with an endovascular method to achieve distal control, with
cardiopulmonary bypass available on standby.
Our surgical approach began with a midline incision and right
medial visceral rotation, which enabled exposure of the parahepatic
IVC. Next a 22F occluding balloon (Applied Medical) was intro-
duced into the IVC and advanced past the tumor into the atrium
with the assistance of fluoroscopic guidance and transesophageal
echocardiography. Gentle retraction of the tumor and downward
retraction of the inflated balloon enabled removal of the atrial
portion of the tumor through a venotomy in the IVC. With a
vascular clamp for distal control, sequential venotomies enabled
extraction of the remaining tumor from the IVC as well as the right
common and internal iliac veins. Evaluation of the resected speci-
men revealed an irregular gray-white soft tissue mass 10 cm long,
without any associated thrombus (Fig 3).
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and was consistent with the diagnosis of intravenous leiomyoma.
The patient had an uneventful recovery, and was discharged to
Fig 1. A, Computed tomography scan of the abdomen and pelvis
performed immediately after sternotomy for resection of an atrial
lesion demonstrates a large uterine mass (arrowheads) representing
a leiomyoma with extension into the pelvic veins. B, Intraluminal
component of tumor (arrowheads) is clearly visible within the
inferior vena cava beyond the level of the renal veins (asterisks). C,
Tumor ends several centimeters below the diaphragm, as demon-
strated in this image of the retrohepatic inferior vena cava, which is
absent of an intraluminal filling defect.home on the fifth postoperative day. At 9- month follow-up the
patient was well and free of recurrent disease. Radiographically, the
iliac veins and vena cava remain patent.
DISCUSSION
Intravenous leiomyoma is a rare benign intravascular
tumor for which the tissue of origin is not clearly under-
stood. This tumor is found exclusively in women; many
have undergone hysterectomy because of uterine leiomy-
oma. While some believe the tumor results from vascular
Fig 2. A, Intraoperative venogram performed during attempted
inferior vena cava filter placement 2 months after obtaining the
computed tomography scan in Fig 1. Arrowheads indicate a lumi-
nal filling defect consistent with tumor extending above the dia-
phragm. B, Computed tomography scan obtained at this time
confirms extension of tumor beyond the diaphragm and into the
right atrium (asterisk).
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posed that the tumor is vascular in origin and derived from
medial smooth muscle cells of a vessel wall.2,3 The tumor is
most commonly isolated to the pelvic veins, but occasion-
ally extends into the IVC, the right atrium, or even the
pulmonary circulation.
Grossly, these tumors have a white glistening appear-
ance, with a characteristic “swirling” pattern on cut surface.
Peripheral fibers of the tumor are compressed into a
pseudocapsule, although these tumors lack a true capsule.
There can be associated thrombus; however, this is not a
typical finding.1 Histopathologic analysis of resected spec-
imens reveals benign smooth muscle architecture without
hemorrhage or necrosis.
Although intravenous leiomyomas are benign tumors,
local recurrence after surgical resection or metastases to the
lungs have been described.4-6 Patients can exhibit symp-
toms related to intra-cardiac extension of tumor weeks to
years after undergoing hysterectomy because of a benign
leiomyoma.7-9 The histologic findings of local and distant
recurrences are always benign. These tumors can be diffi-
cult to differentiate from other intravascular malignancies,
including leiomyosarcomas of the vascular wall, renal cell
carcinoma, or Wilms’ tumor. Imaging studies, including
CT or venography, can assist in the differential diagnosis. A
distinct site of attachment to the vessel wall suggests a
primary leiomyosarcoma, and the presence of a renal mass
suggests a primary renal tumor.1 Differentiating these var-
ious tumors can be important in planning surgical therapy.
When an intravenous leiomyoma extends into the
heart, the patient may have no symptoms or may experience
dyspnea, dizziness, syncope, or even sudden death.10
Right-sided heart failure secondary to right ventricular
outflow obstruction has also been described.11,12 Workup
of these symptoms often includes echocardiography, which
leads to initial identification of the lesion. The current case,
however, highlights the need to fully define the extent of a
right atrial lesion to avoid confusing an intravenous leiomy-
Fig 3. Section of tumor removed from the vena cava. Tumor
consists of firm, rubbery, gray-white tissue.oma with an atrial myxoma. Left atrial masses are atrial
myxomas in most cases, but only 43% of right atrial masses
are myxomas.13 Thus the finding of a right atrial mass
should prompt CT of the chest and abdomen to rule out
the vena cava as the source of the tumor.
Management of an intravenous leiomyoma with cardiac
extension requires surgical excision of the tumor. Symp-
toms resolve in patients who undergo tumor resection, and
patients who do not undergo surgical therapy are at risk for
pulmonary embolism or sudden death. Biopsy of the tumor
is generally not indicated, because resection of the tumor is
necessary regardless of histologic findings, to relieve symp-
toms and prevent embolization. Although little data are
available regarding the natural history or risk for malignant
transformation of these tumors, there are reports of pa-
tients in whom the tumor was resected who later experi-
enced local or pulmonary recurrence. Follow-up with an
annual CT scan of the chest and abdomen is recommend-
ed.4-6
Options for surgical therapy include 2-stage or single-
stage procedures. Patients have generally undergone a
2-stage surgical procedure, in which a median sternotomy
is first performed with cardiopulmonary bypass and resec-
tion of the intracardiac component as well as tumor within
the IVC to the level of the diaphragm. In a second stage the
patient undergoes laparotomy and resection of the tumor
from the intra-abdominal IVC and iliac veins.4,14-19 When
the intravenous tumor arises from a uterine leiomyoma,
hysterectomy is mandatory. Depending on the extent of
the tumor, multiple venotomies may be necessary to re-
move extensive tumors.1 More recently there have been
several reports of a single operation in which median ster-
notomy and laparotomy were performed simultaneous-
ly.4,15,20-25 Patients who are otherwise healthy appear to
safely tolerate this combined procedure.
Although sternotomy and atriotomy are required when
tumor fills the right atrium or extends into the pulmonary
veins, in a subset of patients tumor extends just to the
caval-atrial junction or a few centimeters into the atrium.
Harris et al1 reported successful removal of an IVC leiomy-
oma with intracardiac extension using only laparotomy and
IVC venotomy.1 Although this technique enables resection
of the tumor through a single incision, removal of the
tumor without distal control leaves the patient vulnerable
to pulmonary embolus with tumor or thrombus.
In our patient we achieved distal control with endovas-
cular techniques. Specifically, an occluding balloon cathe-
ter was advanced into and inflated within the right atrium
above the tumor to prevent distal embolization. In this
patient this approach was extremely advantageous, because
repeat sternotomy and cardiopulmonary bypass were not
required. This technique provides a considerably higher
degree of protection than blind removal of tumor though a
vena caval incision. This approach is not advisable in pa-
tients with extensive tumor in the atrium, involvement of
the pulmonary veins, or attachment of the tumor to the wall
of the IVC or atrium.
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atrium has not been described in benign leiomyomas, and
the finding of wall attachment at echocardiography should
raise suspicion of a leiomyosarcoma. A surprising and un-
usual characteristic of benign leiomyomas is that they grow
freely within the vessel lumen but do not invade the wall.
Their firm and rubbery consistency also lessens the likeli-
hood that these tumors will fragment during extraction. All
of these tumor characteristics were evident in our patient,
and made extraction of the tumor from an incision in the
IVC readily accomplishable.
Another protective endovascular adjunct that might be
considered in patients with tumor involving the IVC that
does not extend into the atrium is a temporary vena caval
filter. It was our intention to use a temporary filter in our
patient, until we discovered via preparatory venography
that tumor already extended into the right atrium. While
the use of temporary vena caval filters for distal control of
intravascular tumors has not been described, temporary
filters have been used for prevention of pulmonary embo-
lism during venous thrombolysis.26,27
An unusual and surprising component of this case is
the dramatic regrowth of tumor over the relatively short
interval of 2 months. In Fig 1, B, no tumor can be
identified in the IVC at the level of the hepatic veins.
This scan was obtained shortly after the cardiac interven-
tion, after removal of the tumor from the atria and the
adjacent IVC. However, a venogram and CT scan ob-
tained 2 months later both clearly demonstrate re-exten-
sion of the tumor into the right atrium (Fig 2). Although
we initially postulated that this tumor “regrowth” might
have resulted from the formation of thrombus on the
distal end of the tumor, we found no evidence of this at
laparotomy. Alternatively, we postulated that the tumor
may have retracted when it was initially removed from
the atrium, with subsequent relaxation of the tumor over
the ensuing 2 months. However, the third and most
probable explanation is that rapid growth of the tumor
led to re-extension into the atrium.
CONCLUSION
The surgical management of intravenous leiomyoma
with intra-cardiac extension represents a complex and tech-
nically challenging exercise that requires thorough preop-
erative imaging to determine the best of several treatment
approaches. These lesions should be resected, when feasi-
ble, not only for amelioration of symptoms but also to
prevent continued growth and possible malignant degen-
eration. Simultaneous laparotomy and median sternotomy
with cardiopulmonary bypass are required to treat lesions
that extend well into the right atrium or pulmonary circu-
lation. Alternatively, we advise use of a single-stage tech-
nique with endovascular means for distal control in situa-
tions in which tumor extends just to the caval-atrial
junction or 1 to 2 cm into the atrium. Transesophageal
echocardiography should be used to confirm tumor loca-
tion and mobility as well as the absence of attached throm-
bus. Moreover, we would advise that this procedure beperformed with cardiopulmonary bypass on standby. Al-
though careful selection is mandatory in choosing candi-
dates for this approach, the combination of endovascular
techniques and laparotomy can enable lesions that are
confined to the IVC or that partially extend into the atrium
to be safely removed, without the need for cardiopulmo-
nary bypass.
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